115 cells/ml for at least 6 passages. Then fed-batch cultures were started with initial working volume 116 of 100 ml in 500 ml shake flasks with the same initial cell density. Cells were incubated in an 117 incubator with 5% CO 2 at 37 °C on orbital shaker with 100 rpm shaking speed and 30 mm orbital 118 shaking diameter. In all culture conditions feeding was started on 2 nd day of culture with a daily 119 bolus addition according to Table 1 . Batches were harvested on either day 15 or when viability 120 dropped below 70%, which one occurred earlier.
121 Table 1 . Feeding protocols used in basal/feed selection experiments using three different 122 basal media and two feeds Cell specific productivity (Qp) (pg/cell/day) 4.3 ± 0. 253 One of the most efficient feeding strategies is glucose-based feeding. This strategy 254 although can help to maintain glucose levels during the batch but can be problematic due to 255 accumulation or depletion of certain amino acids (12, 15, 16). Meanwhile once-daily feeding 256 strategy cannot ensure that glucose level is being held near the set points pre-defined (13). Based 257 on these results, the decision was made to use fixed feeding strategy while increasing the total 258 amount of daily feed added to the culture. Simultaneously, glucose stock solution of 400 g/L was 259 also used to bring glucose concentration to a level that prevents depletion before the next bolus 260 feed. For this purpose, different glucose set points were also included in the experiments in order 261 to investigate whether this cell line is sensitive to glucose levels or not.
262 Integrated medium and feeding strategy optimization (Table 2 ). In addition, glucose was fed daily according to the glucose concentration at 268 the moment of feeding and the anticipated glucose uptake rate for the next 24 h. By this method 269 the glucose was held within a pre-determined set point irrespective of the amount of feed added 270 daily. Table 4 shows the final titre of the 13 generated experimental runs after execution.
271
The results showed that the max VCC (viable cell count) of 16.5 ± 0.5 ×10 6 cells/ml was 272 achieved in all experiments. In conditions that Glucose concentration was maintained on 4 g/L, 273 the highest lactate level (50-55 mM), lowest titre (950 ± 250 mg/L) and batch duration (12 days) 274 were observed. It has been previously shown that by increasing the glucose concentration in fed 275 batch mode cultures, higher lactate was produced which indirectly can cause inhibitory effects on 276 growth and productivity (13, 15, 17).
277
When the glucose concentration of culture was decreased to both 2 and 3 g/L, the lactate 278 consumption was observed after day 4 of the batch and lactate concentration was remained below 279 10 mM for the rest of the batch. This lower lactate level lead to extended batch duration of 3-days 280 and increased final titre of 2 to 2.5 fold compared to high glucose set point limit of 4 g/L.
281
In glucose set point of 2 g/L, the final titre increased about 1.4 fold when feed percentage 282 increased from 2% to 2.5 and 3%. It highlights the effect of other nutrients increment in 283 productivity of the culture. In addition, the results also revealed that when cultures are fed using 284 lower amounts of feed (2% daily), increasing the glucose set point level could not significantly 285 affect the final titre. The lower titre seems to be dependent more on other nutrients especially 286 amino acids rather than glucose. When considering the effect of both feeding percentage and 287 glucose set point, the results confirmed that they are in close relationship. The highest final titre 288 of 2.5 ± 0.1 g/L was observed in conditions that were supplemented with 2.5 % daily feed while 289 their glucose set point was adjusted on 3 g/L. 
308
As can be seen in Table 4 , increasing the feed percentage from 2.5% to 3% when glucose 309 set point is on 2 g/L had no significant effect on titre. However in the same scenario when glucose 310 set point was adjusted on 3 g/L, final titre was decreased. Lower titre may be due to the 311 accumulation of specific amino acids which showed inhibitory effect on final productivity.
312
The results from this experiment shed light in the feeding strategy based on glucose set 313 point for the fed-batch culture of the cell line used in this study. According to the variables 314 coefficients of the model acquired from RSM, main (B) and quadratic (B 2 ) effects of glucose set 315 point are the most important parameters affecting the final titre. The other factors can be 316 categorized with order of A 2 (quadratic effect of feed percent), A (main effect of feed percent) and 317 A*B (interaction effect of feed and glucose set point). This is mainly due to the decreased 318 productivity that has been occurred when increasing the glucose set point to 4 g/L in all conditions 319 irrespective of the amount of feed added. It can be concluded from contour plot (Fig. 2 ) that regions 320 of increased titre occurred in regions of sufficient amino acids feed (more than 2.5%) with glucose 321 set point of 2.5 ± 0.5 g/L. Senger et al. were also reported that by increasing the glucose set point 322 to values more than 3 g/L especially when the cells were in lack of amino acids, the productivity 323 of r-tPA was decreased (19).
324 
363
Given the possibilities discussed above, for improving glycosylation of antibody, 364 combined effect of four factors that can be expected to potentially enhance simultaneously both 365 galactosylation and afucosylation, namely U, M, G and FTI were considered. High and low limits 366 were set for all these factors according to literature and our preliminary studies regarding this 367 antibody. Full factorial design of experiments was used in order to find the most effective factors 368 and also their optimum concentration. This method of DOE was used since it was important to 369 study the impact of several factors on a response simultaneously (35).
370
The low and high limit of uridine concentration was set on 0 and 4 mM. These 371 concentrations were chosen based on literature reports and subsequently preliminary experiments 372 which showed that cell viability and final titre were remarkably droped when 8 mM uridine was 
389
When galactose was added to culture with concentration of 50 mM it could increase the 390 galactosylated glycans about 8% in absence of both Mn 2+ and Uridine supplements (Fig 3) . About Table 8 . The verification process generated experimental results close to the predicted response 473 (p-value < 0.05) as represented in Table 9 . Our optimized feeding strategy combined with glucose, 474 galactose, MnCl 2 and FTI supplementation resulted in mean expression of 2510 ± 65 mg/L.
475 Simultaneously the level of galactosylation and afucosylation were also increased to 32.5 ± 0.6 % 476 and 7.3 ± 0.5 %, respectively which were completely comparable to Herceptin originator drug.
477 The good agreement between the experimental and predicted results verifies the validity of the 478 models.
479 Table 8 
